The aim of this study was to compare the success rate of various levels of I-131 activity for use in remnant ablation in low-risk differentiated thyroid cancer.
Background
Thyroid cancer is currently the fifth most common malignancy diagnosed in women, with the incidence increasing every year, and it occurs 2 to 3 times more frequently in women than in men [1] . Most cases are differentiated (including papillary and follicular) thyroid cancer, which has a high 10-year survival rate (90% to 95%) [2] . Radioiodine ablation of residual thyroid tissue after total or near-total thyroidectomy is accepted by many practitioners for 2 reasons: first, to eradicate any occult carcinoma focus in order to decrease the risk of recurrence; second, to facilitate long-term surveillance of improvement in sensitivity of an I-131 whole body scan (WBS) and specificity for thyroglobulin measurements [3] . A systematic review conducted by Sawka also showed that radioactive iodine ablation may be beneficial in decreasing recurrence of well-differentiated thyroid cancer [4] .
However, the optimal I-131 activity required to achieve remnant ablation remains controversial. Recent randomized trials [5] [6] [7] show that low-activity (30 mCi) radioiodine was as effective as high-activity (100mCi or more) radioiodine for low-risk thyroid cancer. Furthermore, there are several advantages to patient and healthcare provider in using a lower activity radioiodine, including less time in isolation, a shorter hospital stay, and lower financial cost. High-activity radioiodine may induce lacrimal and salivary gland disturbances, as well as transient gonadal dysfunction, especially in male patients. Although risk of radioiodine-induced cancers has not been well established, pooled data show a 30% increased risk of a second primary cancer after thyroid cancer [8] , and an increased risk of solid tumors and leukemias was found with increasing cumulative activity of I-131 administered [9] . Thus, the lower the activity administered, the lower the risk.
The recommendations on ablation activity from the guidelines [10] [11] [12] are not entirely consistent with each other. A metaanalysis conducted by Doi in 2000 [13] concluded that high-activity was more efficient than low-activity for remnant ablation, and reported a pooled reduction of failure in the high-activity group of about 27% (95% confidence interval, 13% to 39%). However, this effect was seen only in the observational studies, with a 31% pooled reduction (95% CI, 16 to 43%) that was not statistically significant in randomized trials. Another meta-analysis conducted by Hackshaw in 2006 (14) drew a more cautious conclusion that there is currently insufficient evidence to reliably determine whether ablation success rates using 30 mCi are similar to those using 100 mCi. The pooled ablation success rate in observational studies was 10% lower using 30 mCi compared with 100 mCi (95% CI, 3 to 17%). However, the meta-analysis of 6 randomized trials produced equivocal results.
Both of the 2 above meta-analysis had several limitations. First, the conclusions were mostly based on observational studies, which are likely to be affected by inherent biases. Second, there were several important methodological differences between the studies included, for example, definitions of "low" and "high" activity, extent of surgery (total or subtotal), definitions of successful ablation, and preparation for I-131 ablation. These methodological differences could greatly affect the interpretation of outcomes.
Therefore, we conduct this meta-analysis based on high-quality evidence in order to draw a more reliable conclusion about the appropriate level of activity to use in radioiodine ablation. We will further investigate whether the conclusion is robust and stable between different subgroups.
Material and Methods

Study identification and selection
Five electronic databases (Medline, EMBASE, PubMed, the Cochrane Central Register of Controlled Trials, and Web of Science) were searched to identify titles and abstracts of all possible randomized trials on the topic of interest up to December 2014. Reference lists of original studies and review articles on this topic were hand-searched to find other potentially eligible studies. We searched the eligible studies with the following text words and/or Medical Subject Heading (MeSH) terms: "thyroid", "cancer" or "carcinoma" or "neoplasm", and "ablation". No language restrictions were imposed. Three reviewers independently screened the databases. Full texts that met the study eligibility criteria (Table 1) were retrieved for detailed evaluation, and eligible studies were included. Disagreements were solved by joint reevaluation of the manuscript.
Data extraction
Three authors independently evaluated all of the studies retrieved according to the prespecified selection criteria. The following information from each study was extracted using a standardized data collection form: first author's last name, year of publication, country, extent of surgery, whether lymph node metastatic patients were included, whether a preablation scan was performed (isotope and the activity), preparation for I-131 ablation, the definition of successful ablation, and the proportion of patients who achieved successful ablation in each group. Study authors were contacted in the case of missing data. Disagreements were resolved through discussion.
Quality assessment
The risk of bias was assessed following Cochrane recommendations, considering random sequence generation, allocation concealment, blinding of participants and personnel, blinding 2440 of outcome assessment, incomplete outcome data, and selective reporting. Each category was assessed as low, unclear, or high risk of bias and summarized in a table with a plus sign, question mark, or minus sign, respectively.
Statistical analysis
Relative risk estimates with their corresponding 95%CIs were combined and weighted to produce pooled RRs using a fixed/random-effects model. To investigate the sources of heterogeneity across these studies, we carried out heterogeneity tests, sensitivity analysis, and subgroup analysis. In heterogeneity tests, we used the Cochran Q and I 2 statistics [15] , which were used to test the differences obtained between studies due to chance. For the Q statistic, a p-value of less than 0.10 was considered representative of statistically significant heterogeneity. The I 2 statistic is the proportion of total variation contributed by between-study variation. It has been suggested that I 2 values of 25%, 50%, and 75% are assigned to low, moderate, and high heterogeneity, respectively [16] . We conducted sensitivity analysis to estimate the influence of each individual study on the summary results. We evaluated the role of several potential sources of heterogeneity and investigated whether the conclusion was robust and stable between different subgroups by subgroup analyses according to country, extent of surgery, whether lymph node metastatic patients were included, preablation scan, preparation for I-131 ablation (low-iodine diet recommended and TSH stimulation), definition of successful ablation, and sample size.
Funnel plots and the Egger's test were performed to test evidence of publication bias. Meta-analyses were carried out using STATA12.0 (Stata Corp, College Station, TX, USA). A twotailed p-value less than 0.05 was considered to be significant.
Results
Study identification and selection
Using the outlined search strategy, a total of 1042 citations were obtained for review of title and abstract; 1003 were excluded for irrelevance and 3 for being duplicates. Full text of the remaining 36 studies was retrieved for review. Handsearching the references of previous studies and systematic reviews identified 3 relevant studies. Identification and selection of eligible studies are summarized in Figure 1 . Among the 31 full-text articles, 17 studies were excluded. Two studies had less than 10 cases [17, 18] , 4 studies had unclearly defined the I-131 activity [19] [20] [21] [22] , and 11 studies were observational studies [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . References of the 14 remaining studies were hand searched and no other eligible studies were found. Thus, 14 randomized trials [5] [6] [7] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] were identified and included in the meta-analysis. Although a language restriction was not placed on the search, all included studies were reported in English. The 2 reviewers had perfect agreement in selecting the 14 studies using the stated eligibility criteria. Tg -thyroglobulin; WBS -whole body scan. * A study must meet eligibility for all 4 components for inclusion in the study.
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Characteristics of included studies
Selected studies (14 randomized trials) were published between 1987 and 2013. Sample size for the included studies ranged from 20 to 650 patients. The successful ablation rate ranged from 39.2% to 91.2% in low-activity groups, 40.0% to 86.7% in moderate-activity groups, and 55.8% to 93.4% in high-activity groups. Details of study characteristics are provided in Table 2 .
Bias
Most of the included studies had a low risk of bias ( Figure 2 ). More than half of the studies did not clearly describe the method of random sequence generation (57.1%), and blinding of the participants and personnel (78.6%). Five studies did not provide a detailed description of allocation concealment. Most of the studies had a low risk of detection bias, attrition bias, and reporting bias. The methodological quality of all included studies was assessed by the 3 reviewers using the 'risk of bias' assessment tool provided by The Cochrane Collaboration.
Data synthesis and review
mCi vs. 100 mCi
A test for heterogeneity of the 10 studies using a low activity of approximately 30 mCi compared with a high activity of approximately 100 mCi was statistically significant (SRRs=0.90; 95%CI=0.82-0.99; p<0.001, I 2 =71.5%), indicating that effects differed across studies. We carefully reevaluate characteristics and quality of each study. We found that all studies clearly met the stated eligibility criteria. In a sensitivity analysis, the overall homogeneity and effect size were calculated by removing 1 study at a time. We found that study conducted by Fallahi published in 2012 [37] appeared to be an outlier, and omitting the study greatly influenced the summary relative risk from 0.90 (0.82-0.99) to 0.96 (0.93-1.00) ( Figure 3) . A funnel plot also showed that the study was clearly outside the 95% CI lines ( Figure 4 ). According to protocol in Cochrane reviews, its influence on a meta-analysis might be assessed by excluding it.
We subsequently conducted a meta-analysis of all 9 randomized trials [5, 6, 7, 35, 36, [38] [39] [40] [41] ] that compared the outcome of successful ablation rate in 30 mCi vs. 100 mCi using a fixedeffects model. The summary risk ratio of having a successful ablation was 0.95 (95%CI, 0.91-0.99), indicating that the pooled ablation success rate was 5% lower using 30 mCi compared with 100 mCi (95% CI, 1% to 9%) with low heterogeneity among studies (test for heterogeneity, p heterogeneity =0.468, I 2 =0.0%) ( Figure 5 ).
We subsequently conducted subgroup analysis according to country, extent of surgery, whether lymph node metastatic patients were included, preablation scan, preparation for I-131 ablation (low-iodine diet recommended and TSH stimulation), definition of successful ablation, and sample size (Table 3 ). In stratified analysis by country, ablation success rates using 30 mCi are similar to 100 mCi in Asia (SRRs=0.91; 95%CI=0.72-1.14). However, the result favor 100 mCi in Europe (SRRs=0.95; 95%CI=0.91-0.99).
In stratified analysis by extent of surgery, ablation success rates using 30 mCi were similar to 100 mCi in patients who underwent TT/NTT (SRRs=0.96; 95%CI=0.92-1.00) and TT/STT (SRRs=0.98; 95%CI=0.73-1.31). However, the results favor 100 mCi in patients who underwent ST/HT (SRRs=0.80; 95%CI=0.65-0.99).
In stratified analysis by whether lymph node metastatic patients were included in studies, no significant difference was found in studies that included lymph-node metastatic patients (SRRs=0.96; 95%CI=0.92-1.00), and the same was found in the group that included patients without lymph node metastatic (SRRs=0.90; 95%CI=0.77-1.05).
META-ANALYSIS
The SRRs were not statistically significant in activity of preablation scan <2.0 mCi group (SRRs=1.01; 95%CI=0.84-1.21), and the same was found in the ³2.0 mCi group (SRRs=0. 85; 95%CI=0.60-1.21). However, the results favor 100 mCi in preablation scan using the technetium-99m group (SRRs=0.92; 95%CI=0.85-0.99).
When we stratified the studies according to preparation for I-131 ablation (low-iodine diet recommended and TSH stimulation), the SRRs were not statistically significant whether or not a low-iodine diet was recommended ( When we stratified the studies according to sample size, the SRRs were not significantly different in the small sample size (n<80) group (SRRs=0.90; 95%CI=0.72-1.13). However, the results favor the 100 mCi large sample size (n³80) group (SRRs=0.95; 95%CI=0.91-0.99). Figure 6 shows the risk ratio of having a successful ablation of 30 mCi vs. 50 mCi and 50 mCi vs. 100 mCi activity of radioiodine. No significant difference was found when using a low activity of approximately 30 mCi compared with a moderate activity of approximately 50 mCi in a random-effects model (SRRs=0.93; 95%CI=0.84-1.02; p heterogeneity =0.275, I 2 =22.6%) ( Figure 6A ), similar to when using a moderate activity of approximately 50 mCi compared with a high activity of approximately 100 mCi in a random-effects model (SRRs=0.94; 95%CI=0.81-1.09; p heterogeneity =0.052, I 2 =57.5%) ( Figure 6B ). Results were robust and stable in sensitivity analysis.
mCi vs. 50 mCi and 50 mCi vs. 100 mCi
Publication bias
The shape of the funnel plots for studies comparing the I-131 activity 30 mCi vs. 100 mCi seemed symmetrical, indicating no publication bias. Because there were fewer than 10 included studies comparing the I-131 activity at 30 mCi vs. 50 mCi and 50 mCi vs. 100 mCi, we did not plot studies onto a funnel plot. .374 2.67 1 Figure 5 . Forest plots comparing the outcome of 9 randomized trials using a fixed-effects model in terms of successful ablation rate in low-activity vs. high-activity groups. 
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Discussion
Radioiodine ablation is a safe and effective method for the treatment of patients with differentiated thyroid cancer after total or near total thyroidectomy. However, the benefits of radioiodine remnant ablation in decreasing recurrence and thyroid cancer-related mortality were inconsistent among centers. An early study on the long-term outcome of thyroid remnant ablation was conducted by Mazzaferri [45] and another study conducted at Mayo Clinic [46] showed that if papillary Small (n<80) [35, 36, 39] 0.90 (0.72, 1.13) 0.791 0.0 Table 3 . Subgroup analysis*.
1 mCi = 37 MBq; TT -total thyroidectomy; NTT -near total thyroidectomy; STT -subtotal thyroidectomy; HT -hemithyroidectomy; LN -lymph node; WBS --whole-body scan; Y -yes; N -no; NA -data not applicable; rhTSH -recombinant human thyrotropin; Tg -thyroglobulin. Withdrawal withdrawn from L-T4, rhTSH administered rhTSH on 2 consecutive days before ablation. * The result was calculated in fixed-effect model. 
META-ANALYSIS
thyroid carcinoma patients were managed by near-total thyroidectomy and conservative nodal excision, further increasing use of radioiodine remnant ablation had not apparently improved the already excellent outcome. A systematic review conducted by Sawka concluded that radioiodine remnant ablation may be beneficial in decreasing recurrence of well-differentiated thyroid cancer, while the incremental benefit of remnant ablation in low-risk patients who underwent near-total thyroidectomy was unclear. In conclusion, radioiodine remnant ablation is recommended in high-risk patients postoperatively by most physicians, but whether to ablate in low-risk patients remains controversial. In most guidelines, low-risk is usually defined as youth with well-differentiated thyroid cancer confined to the thyroid gland, and without evidence of lymph node or distant metastasis. However, there is still insufficient evidence to draw a firm conclusion, such as the cutpoint of certain tumour size will represent a high risk factor. Therefore, radioiodine should be used with great care to minimize harm.
There is no consensus regarding the ideal radioiodine activity to ablate the remnant thyroid in patients with low-risk thyroid cancer after total thyroidectomy. Moreover, no randomized trials have evaluated the efficiency of various levels of radioiodine activity in long-term outcome (recurrence and thyroid cancer-related mortality). We confines the present metaanalysis to the 9 high-quality randomized trials using a low activity of approximately 30 mCi compared with a high activity of approximately 100 mCi. We found a significant difference between these 2 groups, showing that high-activity radioiodine was more effective than low-activity in terms of successful ablation rate. The advantage of high-activity in terms of successful ablation rate seems only existed in Europe studies and in patients who underwent hemithyroidectomy/subtotal thyroidectomy. However, no significant difference was found when using 30 mCi vs. 50mCi and 50 mCi vs. 100mCi.
These results will serve as important evidence when physicians are making decisions about the appropriate level of radioiodine activity for use in remnant ablation.
Previous systematic reviews have compared the use of recombinant human thyrotropin (rhTSH) and thyroid hormone withdrawal for I-131 ablation [47] , so we did not compare these 2 preparations in the present review. Previous reviews showed that stimulation by rhTSH was equivalent to thyroid hormone withdrawal in achieving ablation while avoiding detrimental symptoms of hypothyroidism and significantly lowering the whole-body radiation activity. Hypothyroidism was apparent by patient reports of fatigue, constipation, and sensitivity to cold, while rhTSH maintain a better quality of life. Interestingly, rhTSH might not be costly, because rhTSH-prepared patients lost less time from work and required fewer encounters with health care providers [47] .
Previous review showed that I-131 administered for preablation imaging can cause stunning, a decrease in uptake of radioiodine subsequently given for ablation. Use of a 2-mCi or less tracer has not been shown to cause stunning, but the risk increases progressively with larger amounts [48] . The issue of stunning was first raised by Park in 1994 [49] . More convincing evidence of stunning was published by Muratet, reporting a 72% success rate in patients who received a 1-mCi tracer before ablation, but only a 50% success rate in those who received a 3-mCi tracer [50] . However, no convincing evidence shows in which group (high or low radioiodine activity) larger amounts tracer will produce a stronger effect. In the present systematic reviews, the activity of preablation scan seemed not to cause significant stunning in low-or high-activity groups, which might lead to a result that favored the opposite activity in successful ablation rate.
The definition of successful ablation varied across the studies. Some centers defined successful ablation as no uptake on whole-body and neck scan, while others used plus serum thyroglobulin level. Visualization of faint thyroid bed uptake might not increase the risk of recurrence or relate to poor prognosis [51] , but serum thyroglobulin is a highly specific and sensitive tumor marker for differentiated thyroid cancer after total thyroidectomy. Thyroglobulin level and radioiodine scans are independent indicators of residual or metastatic thyroid cancer [52] . Results of the present systematic review show that the definition of successful ablation greatly influences the interpretation of the outcome. Visualization of faint uptake might be observed on the follow-up scan in the low-activity group, while leading to the result that favored high-activity in successful ablation rate. We plan to assess the success rate using the thyroglobulin level and radioiodine scans together in further studies.
Our meta-analysis has limitations that affect interpretation of the results. First, although all included studies in this meta-analysis were randomized trials, most of them did not describe the methods of random sequence generation and blinding of the participants and personnel, which make our analysis more susceptible to selection and performance biases. Second, only the Estamibl study and the HiLo study published in 2012, with an impressive number of included patients and a superior design, can really fulfill the criteria for controlled prospective randomized trials.
There was insignificant heterogeneity observed across studies due to the inclusion criteria, so we conducted the metaanalysis using a fixed-effects model. As in any meta-analysis, the possibility of publication bias is of concern. However, the results obtained from the funnel plot analysis did not provide evidence of such a bias.
Our meta-analysis has several strengths: (1) Studies were included after a comprehensive and systematic search of the literature by using an extensive search strategy. Several studies published recently were included; (2) All included studies were randomized trials, which were the best way to compare different ablation activity; (3) We clearly defined the "low", "moderate", and "high" activity, defined the timing of followup scan simply as 6-12 months post-ablation, and stratified the analysis according to the definition of successful ablation. These 3 important methodological differences dramatically reduced the reliability and credibility of the previous reviews.
We mentioned above that whether to ablate and the appropriate activity level for remnant ablation in low-risk differentiated thyroid cancer after total thyroidectomy remains controversial. Most previous studies have paid much attention to the successful ablation rate. Future studies, especially randomized trials, should focus on the long-term outcome of various levels of radioiodine activity.
Conclusions
The present study shows that high radioiodine activity is better than low activity in terms of successful ablation rate in low-risk differentiated thyroid cancer, but the advantage of high activity seems only to exist in patients who underwent hemithyroidectomy/subtotal thyroidectomy, and did not exist for lymph node involvement, preparation before ablation, and definition of successful ablation. There was no significant difference between using low activity compared with moderate activity, or moderate activity compared with high activity.
